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1
CHIP-ON-WAFER STRUCTURES AND
METHODS FOR FORMING THE SAME

PRIORITY CLAIM AND CROSS-REFERENCE

This application is a continuation of U.S. application Ser.
No. 14/157,666 entitled “Chip-on-Wafer Structures and
Methods for Forming the Same,” filed Jan. 17, 2014 which
application is a divisional of U.S. patent application Ser. No.
13/397,204, entitled “Chip-on-Wafer Structures and Methods
for Forming the Same,” filed on Feb. 15, 2012, which appli-
cation claims the benefit of the following provisionally filed
U.S. Patent Application Ser. No. 61/565,346, filed Nov. 30,
2011, and entitled “Chip-on-Wafer Structures and Methods
for Forming the Same,” which applications are hereby incor-
porated herein by reference.

BACKGROUND

In three-dimensional integrated circuit (3DIC) formation
processes, device dies may be bonded to a wafer. Typically,
after the bonding of the dies onto the wafer, a molding com-
pound is applied to encapsulate the device dies and the wafer.
Solder bumps are formed on the wafer to electrically couple
to the devices in the wafer. The electrical connection to the
devices in the device dies and the devices in the wafer is
achieved through Through-Silicon Vias (TSVs).

After the molding compound is applied, a die saw is per-
formed to saw the wafer and the device dies into packages,
wherein each of the packages may include one of the device
dies and one of' the chips in the wafer. The die saw is typically
performed using a blade, which cuts through the scribe lines
in the wafer. Since the wafer may include low-k dielectric
materials, the mechanical stress applied by the blade may
cause cracks. The cracks in the low-k dielectric materials may
propagate to the chips in the wafer, resulting in the yield loss.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the embodiments,
and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawings, in which:

FIGS. 1 through 11B are cross-sectional views of interme-
diate stages in the manufacturing of a package in accordance
with some exemplary embodiments; and

FIG. 12 illustrates a top view of a package formed using the
process in FIGS. 1 through 11B.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the embodiments of the disclo-
sure are discussed in detail below. It should be appreciated,
however, that the embodiments provide many applicable
inventive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
illustrative, and do not limit the scope of the disclosure.

Chip-on-Wafer (CoW) packages and methods for forming
the same are provided in accordance with exemplary embodi-
ments. The intermediate stages of forming the CoW packages
in accordance with embodiments are illustrated. The varia-
tions of the embodiments are discussed. Throughout the vari-
ous views and illustrative embodiments, like reference num-
bers are used to designate like elements.

FIGS. 1 through 11B are cross-sectional views of interme-
diate stages in the packaging of integrated circuits in accor-
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dance with some exemplary embodiments. FIG. 1 illustrates
a cross-sectional view of package component 20, which may
be a device wafer, an interposer wafer, or the like. Package
component 20 includes substrate 22. In some embodiments,
substrate 22 is a semiconductor substrate such as a crystalline
silicon substrate. Alternatively, substrate 22 comprises other
semiconductor materials such as silicon germanium, silicon
carbon, or the like. In alternative embodiments, substrate 22 is
a dielectric substrate. Package component 20 may be a device
wafer, which includes active devices such as transistors (not
shown) formed at surface 22 A of semiconductor substrate 22.
Throughout the description, surfaces 22A and 22B are
referred to as a front surface and a back surface, respectively,
of substrate 22. When package component 20 is a device
wafer, it may also include passive devices (not shown) such as
resistors and/or capacitors. In alternative embodiments, pack-
age component 20 is an interposer wafer that does not have
active devices therein. In these embodiments, package com-
ponent 20 may, or may not, include passive devices formed
therein.

Through-Substrate Vias (TSVs) 24 may be formed to
extend from top surface 22A of substrate 22 into substrate 22.
TSVs 24 are also sometimes referred as through-silicon vias
when substrate 22 is a silicon substrate. Package component
20 includes a plurality of package components 40, which may
be identical to each other. A plurality of scribe lines 42 are
located between neighboring package components 40. Pack-
age components 40 may be device dies (also known as chips),
interposer dies/chips, or the like.

Interconnect structure 28 is formed over substrate 22, and
is used to electrically connect to the integrated circuit devices
in package component 20 and/or TSVs 24. Interconnect
structure 28 may include a plurality of dielectric layers 30.
Metal lines 32 are formed in dielectric layers 30. Vias 34 are
formed between, and interconnecting, the overlying and
underlying metal lines 32. Metal lines 32 and vias 34 are
sometimes referred to as Redistribution Lines (RDLs) 32/34.
In some embodiments, dielectric layers 30 comprise silicon
oxide, silicon nitride, silicon carbide, silicon oxynitride, or
combinations thereof. Alternatively, dielectric layers 30 may
include one or more low-k dielectric layer having low k
values. The k values of the low-k dielectric materials in
dielectric layers 30 may be lower thanabout 3.0, or lower than
about 2.5, for example.

Connectors 38 are formed at the top surface of package
component 20. In some embodiments, connectors 38 include
metal pillars, wherein solder caps may be, or may not be,
formed on the top surfaces of the metal pillars. In alternative
embodiments, connectors 38 comprise solder regions. In yet
other embodiments, connectors 38 may be composite bumps
including copper posts, nickel layers, solder caps, and/or the
like.

Referring to FIG. 2, package components 44 are bonded to
package component 20, for example, through flip-chip bond-
ing. Connectors 38 accordingly electrically couple the cir-
cuits in package components 44 to RDLs 32/34 and TSVs 24
in package component 20. Package components 44 may be
device dies comprising logic circuits, memory circuits, or the
like. Accordingly, package components 44 are alternatively
referred to as dies 44 throughout the description. Alterna-
tively, package components 44 may include packages includ-
ing dies bonded to the respective interposers, package sub-
strates, and/or the like. On each of chips 40, there may be two
or more dies 44 bonded thereon.

Next, polymer 45 is dispensed into the space (gaps)
between dies 44 and package component 20. Polymer 45 may
be an underfill, and hence is referred to as underfill 45 here-



US 9,123,643 B2

3

inafter, although it may also comprise other polymers such as
epoxy. Underfill 45 may also be a molding underfill.

Referring to FIG. 3, a grooving step is performed on pack-
age component 20 to form trenches 46. Trenches 46 are
located in scribe lines 42. The bottoms of trenches 46 may be
substantially level with, or below, the bottom ends of TSVs
24. Width W1 of trenches 46 may be between about 10 um and
about 100 um, for example. Width W1 of trenches 46 may
also be smaller than or substantially equal to width W2 of
scribe lines 42.

Next, as shown in FIG. 4, polymer 56 is molded on dies 44
and package component 20, for example, using compress
molding. In some embodiments, polymer 56 comprises a
molding compound, an epoxy, or the like. Polymer 56 may
comprise first portions filling into trenches 46 and extending
into substrate 22, second portions filling the gaps between
neighboring dies 44, and third portions over dies 44. Polymer
56 is then cured. Referring to FIG. 5, in some embodiments,
after the curing of polymer 56, a planarization step, such as a
grinding step, is performed to level the top surface of polymer
56. The portions of polymer 56 over dies 44 are removed. As
a result, the top surfaces of some or all dies 44 are exposed. In
alternative embodiments, no planarization step is performed.

FIGS. 6 through 10 illustrate the formation of the backside
structure of package component 20. The package structure
shown in FIG. 5 is first flipped upside down, and semicon-
ductor substrate 22 faces upwardly. Carrier 58 is then
attached to the bottom of the package structure, for example,
through adhesive 60. In some exemplary embodiments, car-
rier 58 is a glass wafer. Adhesive 60 may be an Ultra-Violet
(UV) glue in some exemplary embodiments.

Referring to FIGS. 7A and 7B, a backside grinding is
performed on the backside of semiconductor substrate 22 to
thin semiconductor substrate 22, until TSVs 24 are exposed.
Insulation layer (or insulation layers) 62 is then formed on the
backside of semiconductor substrate 22, wherein TSVs 24
extend through insulation layer 62. Insulation layer 62 is
formed after thinning semiconductor substrate 22, and a
Chemical Mechanical Polish (CMP) process is performed to
expose TSVs 24. Insulation layer 62 also acts as an isolation
layer to isolate semiconductor substrate 22. The materials of
insulation layer 62 may include silicon oxide, silicon nitride,
orthe like. The formation process for forming insulation layer
62 may include low-temperature deposition processes. In
some embodiments, as shown in FIG. 7A, after the formation
of insulation layer 62, polymer portions 56A are exposed
through insulation layer 62. Alternatively, as shown in FIG.
7B, insulation layer 62 covers polymer portions S6A.

Refer to FIG. 8, conductive features 64 are formed over
insulation layer 62 and connected to TSVs 24. Conductive
features 64 include Redistribution Lines (RDLs) and conduc-
tive pads. In some embodiments, conductive features 64 com-
prise aluminum, copper, and/or the like. In accordance with
some embodiments, the formation of conductive features 64
includes forming a blanket layer, and patterning the blanket
layer.

Next, as shown in FIG. 9, dielectric patterns 66A and 66B
are formed. Dielectric patterns 66A and 66B may include a
polymer such as epoxy, polyimide, benzocyclobutene (BCB),
polybenzoxazole (PBO), and the like. Dielectric patterns 66A
and 66B may also include photo-sensitive materials (such as
PBO or polyimide). Accordingly, the formation of dielectric
patterns 66 A and 66B may include applying a blanket photo-
sensitive material, and exposing and developing the photo-
sensitive material. The materials of dielectric patterns 66A
and 66B may be relatively soft for absorbing stress. Alterna-
tively, other dielectric materials such as oxides, nitrides, com-
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4

binations thereof, and multi-layers thereof, may also be used
for forming dielectric patterns 66A and 66B. The respective
formation process includes low-temperature deposition pro-
cess(es), so that adhesive 58 is not damaged.

Dielectric patterns 66A may have ring shapes in the top
view of the structure shown in FIG. 9. Dielectric patterns 668
include portions that are over and aligned to polymer portions
56A. Furthermore, dielectric patterns 66B may have width
W3 greater than width W1 of polymer portions 56 A, and may
extend beyond the respective edges of polymer portions S6A.
Accordingly, dielectric patterns 66B may cover entireties of
polymer portions 56 A. In the embodiments wherein polymer
portions 56 A penetrate through insulation layer 62, dielectric
patterns 668 are in contact with polymer portions 56A. In
alternative embodiments wherein polymer portions 56A are
covered by insulation layer 62 (FIG. 7B), dielectric patterns
668 are spaced apart from polymer portions 56 A by insula-
tion layer 62. An exemplary top view of dielectric patterns
66A and 66B are illustrated in FIG. 12.

FIG. 10 illustrates the formation of connectors 68, which
are electrically coupled to TSVs 24 through the exposed
portions of conductive features 64. In some embodiments,
connectors 68 are solder balls. In other embodiments, con-
nectors 68 may comprise metal pads, metal bumps, solder
caps, or the like. The exemplary formation process may
include blanket forming a blanket under-bump-metallurgy
(UBM) layer (not shown) using Physical Vapor Deposition
(PVD), forming a mask (not shown), wherein the portion of
the UBM layer directly over the exposed portions of conduc-
tive features 64 are exposed through the mask, while some
other portions of the UBM are covered. Connectors 68 are
then plated into the openings in the mask. The mask is then
removed, and a flash etch is performed to remove the exposed
portions of the UBM layer not covered by connectors 68. The
remaining portions of the UBM layer are referred to as UBMs
67. In the embodiments wherein connectors 68 comprise
solder, a reflow may be performed after the plating. Connec-
tors 68 may be used to bond to an additional electrical com-
ponent (not shown), which may be a package substrate, a
printed circuit board (PCB), or the like.

A die sawing is then performed to saw apart packages 70
from the package structure shown in FIG. 10. The sawing is
performed along scribe lines 42. The kerf lines 69 may be in
the middle of polymer portions 56 A (FIG. 10). The resulting
packages 70 are shown in FIGS. 11A and 11B. Each of
packages 70 includes one of dies 40 and one or more of dies
44. After the sawing, as shown in FIGS. 11A and 11B, some
polymer portions 56 A remain on the sidewalls of substrate 22
and the sidewalls of dielectric layers 30. Dielectric patterns
66B also have remaining portions over and aligned to poly-
mer portions 56A, wherein the outer edges of dielectric pat-
terns 668 are aligned to the corresponding outer edges of
polymer portions 56A. In FIG. 11A, dielectric patterns 66B
contact the top surfaces of polymer portions 56A. In FIG.
11B, dielectric patterns 66B are spaced from polymer por-
tions 56A by insulation layer 62.

FIG. 12 illustrates a top view of package 70. Dielectric
pattern 66B forms a ring that extends to the edges of package
70. The edges of dielectric pattern 66B are aligned to the
edges of polymer portion 56 A, which also forms a ring encir-
cling and contacting chip 40 (please refer to FIG. 1). Dielec-
tric pattern 66B, in addition to covering the entirety of poly-
mer portion 56A, may also extend slightly beyond polymer
portion 56A in the direction toward the center of package 70.
Dielectric patterns 66A may form a plurality of rings that is
separated from each other, and separated from dielectric pat-
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tern 66B. FEach of dielectric patterns 66 A may form a ring
covering edge portions of the respective underlying conduc-
tive features 64.

In the embodiments, dielectric pattern 66B (FIG. 10) cov-
ers polymer portions 56A. Accordingly, in the packaging
process, for example, in the deposition process for forming
UBM 67 as in FIG. 10, dielectric patterns 66B prevents the
out-gassing from polymer portion 56A. The undesirable re-
deposition during the formation of UBMs 67 is thus reduced.

In accordance with embodiments, a package component
includes a substrate, wherein the substrate has a front surface
and a back surface over the front surface. A through-via
penetrates through the substrate. A conductive feature is dis-
posed over the back surface of the substrate and electrically
coupled to the through-via. A first dielectric pattern forms a
ring covering edge portions of the conductive feature. An
Under-Bump-Metallurgy (UBM) is disposed over and in con-
tact with a center portion of the conductive feature. A polymer
contacts a sidewall of the substrate. A second dielectric pat-
tern is disposed over and aligned to the polymer. The first and
the second dielectric patterns are formed of a same dielectric
material, and are disposed at substantially a same level.

In accordance with other embodiments, a wafer includes a
plurality of chips including a plurality of through-substrate
vias penetrating through a semiconductor substrate of the
wafer, and a plurality of scribe lines separating the plurality of
chips from each other. A plurality of dies is underlying and
bonded to a front side of the wafer. A first polymer region
includes first portions in the plurality of scribe lines, wherein
the first portions penetrate through the wafer and contact
sidewalls of the semiconductor substrate. The first polymer
region further includes second portions at a same level as, and
encircling, the plurality of dies. A plurality of conductive
features is disposed on a back side of the semiconductor
substrate and electrically coupled to the plurality of through-
substrate vias. A second polymer layer includes first portions
covering edge portions of the plurality conductive features,
and second portions over and aligned to the first portions of
the first polymer region.

In accordance with yet other embodiments, a method
includes forming trenches in scribe lines of a wafer, wherein
the trenches extend from a front surface of the wafer into a
substrate of the wafer. A first polymer is filled into the
trenches. The substrate is thinned from the backside, wherein
the first polymer and through-vias in the substrate are exposed
after the step of thinning Conductive features are formed on
the backside of the wafer and electrically coupled to the
through-vias. A second polymer layer is formed on the back-
side of the wafer and covering the conductive features. The
second polymer layer is then patterned. The remaining por-
tions of the patterned second polymer layer include first por-
tions covering edge portions of the conductive features, and
second portions aligned to portions of the first polymer in the
trenches.

Although the embodiments and their advantages have been
described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the embodi-
ments as defined by the appended claims. Moreover, the
scope of the present application is not intended to be limited
to the particular embodiments of the process, machine, manu-
facture, and composition of matter, means, methods and steps
described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosure, processes,
machines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve sub-
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6

stantially the same result as the corresponding embodiments
described herein may be utilized according to the disclosure.
Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps. In addi-
tion, each claim constitutes a separate embodiment, and the
combination of various claims and embodiments are within
the scope of the disclosure.

What is claimed is:

1. A device comprising:

a package component comprising a substrate;

a through-via penetrating through the substrate;

a conductive feature over a first surface of the package
component and electrically coupled to the through-via;

a polymer comprising a first portion contacting a sidewall
of the substrate, and a second portion overlapped by the
package component; and

a first dielectric pattern comprising:

a first portion over and aligned to the polymer; and
a second portion over the substrate and vertically mis-
aligned with the polymer.

2. The device of claim 1, wherein the first dielectric pattern
comprises an additional polymer.

3. The device of claim 1, wherein the first dielectric pattern
comprises a photo-sensitive material.

4. The device of claim 1 further comprising a device die
bonded to the package component, with the device die and the
first dielectric pattern being on opposite sides of the package
component.

5. The device of claim 1, wherein the polymer forms a first
ring encircling the substrate and contacting sidewalls of the
substrate, wherein the first dielectric pattern comprises a sec-
ond ring over and aligned to the first ring, and wherein the first
ring and the second ring have outer edges aligned to each
other.

6. The device of claim 1 further comprising:

a second dielectric pattern forming a ring covering edge
portions of the conductive feature, wherein the first
dielectric pattern and the second dielectric pattern are
formed of a same dielectric material, coplanar with each
other, and disconnected from each other; and

a Under-Bump-Metallurgy (UBM) over and in contact
with a center portion of the conductive feature.

7. The device of claim 1, wherein the first dielectric pattern

is in physical contact with the polymer.

8. A device comprising:

a first device die comprising:

a semiconductor substrate;

a through-via penetrating through the substrate; and

an interconnect structure over the semiconductor sub-
strate;

a second device die underlying and bonded to the first
device die;

a molding compound molding the first device die and the
second device die therein, wherein the molding com-
pound encircles the first device die and the second
device die, and comprises:
atop surface coplanar with a top surface of the intercon-

nect structure; and
a bottom surface coplanar with a bottom surface of the
second device die; and

a polymer layer over the interconnect structure, with bot-
tom surfaces of the polymer layer in contact with top
surfaces of the molding compound and the interconnect
structure.

9. The device of claim 8, wherein the polymer layer com-

prises a plurality of discrete portions and a ring portion encir-
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cling the plurality of discrete portions, and wherein the plu-
rality of discrete portions and the ring portion are physically
separated from each other.

10. The device of claim 9, wherein the ring portion has
outer edges aligned to edges of the molding compound.

11. The device of claim 9 further comprising:

a plurality of Under-Bump-Metallurgies (UBMs) extend-

ing into the discrete portions; and

a plurality of solder regions over and contacting the plu-
rality of UBMs.

12. The device of claim 8, wherein the polymer layer is

formed of a photo-sensitive material.

13. The device of claim 8, wherein the molding compound
comprises an additional portion overlapped by the first device
die.

14. A device comprising:

a package component comprising a substrate, wherein the
substrate comprises a front surface, and a back surface
over the front surface;

a through-via penetrating through the substrate;

a die underlying and bonded to a front side of the package
component;

a polymer encircling, and in physical contact with, side-
walls of the substrate and sidewalls of the die; and

an insulation layer over the substrate, wherein the insula-
tion layer comprises a bottom surface contacting the
back surface of the substrate, and a top surface substan-
tially coplanar with a top surface of the polymer, and
wherein the through-via penetrates through the insula-
tion layer.
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15. The device of claim 14, wherein sidewalls of the insu-
lation layer are in physical contact with sidewalls of the
polymer.

16. The device of claim 14, wherein the polymer comprises
an outer sidewall forming a ring, wherein the outer sidewall
comprises a first portion level with the substrate, and a second
portion level with the die, and the first portion and the second
portion of the outer sidewall are continuous and vertically
aligned with each other.

17. The device of claim 14 further comprising:

a conductive feature over the back surface of the substrate

and electrically coupled to the through-via;

a first dielectric pattern forming a ring covering edge por-

tions of the conductive feature;

a Under-Bump-Metallurgy (UBM) over and in contact

with a center portion of the conductive feature; and

a second dielectric pattern over and aligned to the polymer,

wherein the first dielectric pattern and the second dielec-
tric pattern are separated from each other, and wherein
the first and the second dielectric patterns are formed of
a same dielectric material.

18. The device of claim 17, wherein the first and the second
dielectric patterns comprise a polymer.

19. The device of claim 17, wherein the first and the second
dielectric patterns comprise a photo sensitive material.

20. The device of claim 17, wherein the second dielectric
pattern forms a ring, with an outer edge of the ring aligned
with respective outer edges of the polymer.
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